Abstract. According to experimental data of SNe Ia (Supernovae type Ia), we will discuss in detial dynamics of the DGP model and introduce a simple parametrization of matter ω, in order to analyze scenarios of the expanding universe and the evolution of the scale factor. We find that the dimensionless matter density parameter at the present epoch Ω . As many authors for many years, we have been using a good approximation to the growth rate f ≈ Ω γ(z) m , we also find that the best fit of the growth index, γ(z) ≈ 0.687 − 40.67 1+e 1.7.(4.48+z) , or γ(z) = 0.667 + 0.033z when z ≪ 1. We also compare the age of the universe and the growth index with other models and experimental data. We can see that the DGP model describes the cosmic acceleration as well as other models that usually refers to dark energy and Cold Dark Matter (CDM).
I. Introduction
Over present decades, the nature of the accelerated expansion universe has been become a very special interest. A key problem that ones have to explain the origin of this phenomenon is the dark energy. The value of the dark energy density stored in the cosmological constant or a scalar field, etc. However, the cosmic expansion can be explained by extra dimensions in braneworld models without the dark energy.
The DGP model, a braneword model was proposed by Dvali, Gabadadze, Porrati in 2000, is a modified-gravity theory. The bulk of this model is an empty five-dimensional space-time with the fifth dimension which is noncompact. This theory assumed an action, which consisted the Hilbert-Einstein action in five dimensions and the Hilbert-Einstein action in 4D [2] . Thus the Friedmann equation will appear Ω rc = . This appearance leads to the rate of the cosmic expansion or the age of the universe which explicitly depends on values of Ω rc and the dimensionless matter density parameter (Ω m ). i.e., Ω rc is like the dark energy density of other models and can lead to an approach about dark energy or the origin of the cosmic expansion.
Moreover, one tries to test models by experimental data, and describes the cosmic expansion by different methods. At the present, there are two ways to describe of the behavior of cosmic acceleration. The first way is to constrain between the density of pressure and the matter density. The second way rely on comparisons of the cosmic expansion history to the growth rate of Large scale structures (LSS) [43] , namely determining the growth of LSS and measuring redshift distortions [44] . In this paper, we will study both above two approachs, in order to determine the age of the universe and the growth index as two tests for the DGP model.
In section II, by using SNe Ia data, we will calculate the luminosity distance of supernovae 1997ap in order to contrain Ω 0 m that is an initial parameter for calculating the age of the universe and the growth index.
In section III, we will discuss behavior of the universe and introduce a parametrization of matter that is called the matter equation of state ω. Assuming ω to be constant, we will obtain the acceleration equation in order to analyze scenarios of the cosmic expansion and try to constrain the range of parameter ω.
In section IV, we find that the scale factor by solving the Friedmann equation and aslo find the scale factor at early times. Then we determine the exact scenario of the cosmic expansion in the DGP model and calculating the present age of the universe t 0 and the transition time t m as the first test for the DGP model in section V.
Finally, we study the linear matter perturbations with the growth index γ which is a function of redshift. At the same time, we also calculate the growth index in order to compare to experimental data as the second test for the DGP model.
II. Luminosity distance and the value of the matter density parameter
In astronomy, an alternative way of defining a distance is through the luminosity of a stellar object [1] , d L which is called the luminosity distance. The luminosity distance [1, 3, 27] is
thus we measure d L observationally, we can determine the expansion rate of the universe [1] and the dimensionless matter density parameter at the present epoch Ω 0 m .
The Friedmann equation [22, 24, 25, 26, 1, 3] in DGP model that most authors have used in the following form
In case of the flat universe, k = 0, const = 0, bulk is empty and "-" branch [22, 24, 25, 26, 1, 3] , this equation is replaced by
The Friedmann equation (3) can be rewritten in term of the red-shift 1 + z ≡ a 0 /a as . By using the normalization condition [26, 3] at z = 0 in equation (4) , we get a constraint equation
Substituting (4) into (1), we obtian the luminosity distance in the DGP model,
In addition to the observations of luminosity distance of high redshift supernovae, it gives rise to determining apparent magnitude of a big bang of a supernovae (m) which depends on the absolute magnitude (M) and Hubble parameter H, is defined as [1, 3, 27, 28] :
According to data of 1992p, 1997ap [27] , we can know m of 1992p and 1997ap given in table 1, [1, 27] Using (1) at z ≪ 1, we can accept H(z)/H 0 ≈ 1, thus we can get an approximation for luminosity distance
For supernovae 1992p, we can use (8), because z 1992p = 0.026 ≪ 1 and according to table 1 and (7), we get m 1992p = 16.0. So we obtain
In Astronomy, SNe Ia were used as "standard candles" and one can see that the absolute magnitudes of them are the same. Therefore according to table 1, M 1997ap = −19.09, m 1997ap = 24.32. Substituting them into (7), we obtian the luminosity distance of 1997ap at z = 0.83
Substituting (10) into (6), we find that the best fit values of Ω 0 m and Ω rc are 0.3 and 0.1225, respective. By solving (6) numeritically for the values of Ω 0 m we obtain results of luminosity distance that displayed in table 2   Table 2 : (5) we get Ω rc = 0.1225. At present by using data of Type Ia Supernovae (SNe Ia), Baryon Acoustic Oscillation (BAO), Cosmic Microwave Background (CMB), Gamma Ray Bursts (GRBs), The baryon mass fraction in clusters of galaxies (CBF), Lookback Time (LT), Growth Function (GF), Linxi Xu (2010) [28] and some authors [14, 17] also determined Ω 0 m = 0.3.
III. Dynamic age of the universe in the DGP model
III.1. Scenarios of the expanding universe
In the DGP model, the continuity equation [22, 24, 25, 26, 1, 3] iṡ
by using this equation and equation (3) we find that the acceleration equation
We note ω = p ρ , ρ ≡ ρ m and p ≡ p m , the acceleration equation can be rewritten as
where,
. Thus the behavior of cosmic acceleration depends on the sign of h(X) and we obtained the following scenarios for the expansion of the universe,
• Scenario 01: The universe exists only in the decelerating phase when h(X) < 0,
This is inconsistent with current experimental data. Showing that we are living in the accelerating universe.
• Scenario 02: the universe has the transition from the decelerating phase to the accelerating phase when ω satisfies
• Scenario 03: The universe exists only in the accelerating phase, ie. h(X) > 0 and ∀X > Ω rc + Ω 0 m and we find that
III.2. The Scale factor
The scale factor a(t) is the solution of (4) and has a form
By numerical method with the boundary condition, t = 12.48, a 0 a = 1 (this condition will be considered in the next section), we obtian the scale factor as figure 1 
At the time close to t 0 (z is very small), so we can accept H ∼ H 0 and the scale factor is given by
When z ≫ 1 or t < t 0 = 12.48 Gyr, the equation (4) is replaced by
Then the scale factor is given by
Therefore, a ∼ t 2/3 when t ≪ t 0 , so we obtiaṅ
We see thatȧ > 0 , so the universe is always expanding. We continue to take the derivative of the above equation,
We see thatä < 0, so the universe will have a period in the deceleration phase or the universe will have the transition time t m (corresponding to z m ). Thus the behavior of the universe expansion must occur under scenario 2, ie − The age of the universe is a major concern of astronomers and cosmologists because dynamical age of universe depends upon the rate of the expansion of the universe [5] . For many years, many groups [4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 7, 18, 19, 20, 21, 22, 23, 24, 25, 26] have calculated the present age of the universe in order to verify the model through experimental data.
In the DGP model, equation (4) yields the age of the universe in the standard form
we can calculate t 0 as following when z s ≫ 1 The age of the universe is calculated much in 4D models [4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 7, 18, 19, 20, 21, 22, 23] and limited in the case k = 0. The best estimate is t 0 = 13 ± 1.5 Gyr [4, 8, 11, 12, 17, 20] and most authors refer to dark energy. So the age of the universe in the DGP model, 12.48 Gyr, is consistent with other models.
Having t 0 , we can calculate t m , the time at which the Universe starts the accelerated phase as following:
Finally, in the case of − 
With Ω 0 m = 0.3 and choosing z s ≫ 10 3 so t 0 H 0 was calculated by Monte Carlo or Simpson method and we have some values of the present age of the Universe given in Table  3 Table 3 We see the age of the universe as a test for describing the accelerated expansion of the universe by the DGP model. We do not use CDM but we calculated the age of the universe which is compatible with other models. This suggests that the accelerated expansion is described by the DGP model as well as other models.
Furthermore, our calculation does not refer to dark energy, but our Friedmann equation contains Ω rc which is similar to the dark energy density. So our calculation shows that the extra dimensions and the concept of dark energy may be similar to each other in describing the acceleration of expansion.
IV. The growth index of the DGP model
According to the redshift maps of galaxies, they are distorted by its special velocity of galaxies in the line of sight. This distortions are measured by the distortion parameter β and we can calculate the growth rate of LSS f because β = f b . In the cosmological models, when we surveyed the matter pertubations, we can calculate f . Therefore, f can be used to testing cosmological models. Recent decades, many authors [33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 45] [43, 44] that satisfies the following equation at the large scales
where (lnδ) ′ = lnδ dlna . By using the Freidmann (3), the continuity equation and the normalization condition (5) , we find that
Finally substituting (30) into (28), we can obtian
As many authors, we use a good approximation of f , f = Ω γ m [32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45] and γ is a function of redshift, and from (31) we arive at the equation on γ(z) for the flat DGP model,
The equation (32) is very difficult to analysis, but we can get answers when we know the boundary conditions. An effective solution for finding the boundary conditions that we approximate the above equation in the critical values of z to finding the critical values of γ.
We (like Hao wei [25] (2008), Arthur Lue [3] (2004), etc.) have analysed (32) around the value Ω m = 1 and ignoring higher-order terms and we obtained
From (34), using Ω m −→ 1 we have γ −→ 11 16 . Thus having boundary condition, we can solve (32) , and obtain values of γ(z) at Ω 0 m = 0.3 as table 4, Then we compare experimental values (f obs ) and theoretical values (f the ) of growth rates, specially at z = 0.15, f the = f obs = 0.51. In other cases, f the approximate f obs . Also according to values of γ(z), we can draw the following graph, According to figure 2, when z < 1, γ(z) ∼ z and we approximate γ(z) as the following equation 
when z ≪ 1, we rewrite (35) as γ(z) ≈ 0.667615 + 0.0336479z − 0.028599z 2 + 0.0161893z
Here we ignore higher-order terms of z because they are very small at z ≪ 1. Thus (36) becomes γ(z) = 0.667615 + 0.0336479z. Eq. (37) and (35) are consistent with the approximation of the current γ(z) that is γ = γ 0 + z.γ 1 when z < 1 and γ = γ 0 + z 1+z γ 1 when z > 1 [33, 34, 35, 36, 37, 38, 39, 40] . Thus we show that the DGP model describes the cosmic acceleration as well as other models.
V. Conclusion & discussion
We determined Ω 0 m = 0.3 that is the basic in order to calculate the age of the universe, 12.48 Gyr that is consistent with other models and we saw that the scenario of the cosmic expansion is the second scenario or −1 3 < ω < 4 9 . We also find the growth index and the growth rate are consistent with experimental data. Thus we can see that the DGP model describes the cosmic acceleration as well as other models that usually refers to dark energy and CDM. In addition, our calculations can be reliable basics to clarify the relationship between dark energy and extra dimensions.
However, determining the exact transition time t m in the DGP model is not possible because we do not have an experimental data or any other conditions about ω and at the present we only have experimental data of the dark energy equation of state. So, in our opinion, understanding the relationship between dark energy and extra dimensions in this model will be useful for determining ω.
